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ABSTRACT 

Pollen stainability after irradiation at 1 -9 Kr increased w ith radiation dose. 
A low frequency of anaphase bridges and fragments were found in m itotic cells 
of M2 plants. In general, the frequency of chlorophyll seedling mu tations in­
creased as gamm a  radiation dose increased with a peak at 6-7 Kr. Likewise, 
mutant types like short plant and medium-sized grains found at the dose of 7 Kr 
were selected from the M2 generation for possible progeny testing. 

Introduction 

Most mutation breeding studies utilized dorma nt seeds as materials for irra­
diation studks, a method known to be largely affected by dipJontic selection. One 
way of avoiding this problem is irradiation of pollen grains whkh , when done in 
combination with hybridization,  could increase variability and widen the basis for 
selection. Thus, pollen grains arc probably more suited for muta tional studies 
than seeds since tl1e pollen is a relatively simple, haploid radiation target which 
have been shown to withstand a variety of extreme experimental conditions with ­
out impairing their function of transporting and delivering the male gene tic contri­
bution to the egg (Pandey, 1983). 

In addition,  if genes expressed in the endosperm were analyzed,  their muta­
tion or loss is  easily detected in the M l generation by the usc of treated pollen 
carrying dominant genes (Gavazzi, 1 983). Moreove r,  the M 1 material a fter  pollen 
i rradiation is much easier to h andle than after seed irradiation because the occur­
rence of chimeras in M 1 plan ts is  avoided as the irradiated pollen is  applied at the 
flowering stage. 

The main problem in pollen irradiation , however,  lies in the difficulty of  
obtaining sufficient materials in  some species and the ra ther b rief viability of  pollen 
grains. These disadvantages could be overcome, however, by proper handling tech­
niques as the pollen of some species could be kept viable for several months. Large 
q uantities of pollen could be obtained from most natu rally cross-pollinated plants. 

The objectives of t his study were: ( 1 )  To determine the effects of varying 
doses of gamma radiation on pollen stainability and M 1  seed set ;  (2) To study 
the types and freq uency of ch romosomal aberrations in the mitotic stages ;  (3) To 
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determine the mutation frequency in the M2 generation following pollen irradia­
tion ; and (4 ) To identify treatmen ts that yield high mutat ion raf"es. 

Materials and Methods 

This study was conducted at the Botany Experimental Garden ,  Institute of 

Biology ,  College of Science. University of the Philippines Dillman, Quezon Cily 

using seeds from a pure line of Azucena variety of rice , Oryza sativa Linn . ,  obtained 

at the Philippine Atomic Research Center  (now ,  The Philippine Nuclear Research 

Instit ute) in Dilin1an , Quezon City . 
About 200 seeds, with a 1 4% moisture conten t ,  for each treatment were 

sown on moist filter paper in petri dishes following a stagge red time schedule of 
two weeks interval for each treatmen t. After 1 4  days the seedlings were transplanted 
in rice paddies measuring about 5 m x 1 0 m at the rate of one seedling per hilJ at 

distances of 40 em between rows and 30 em in the row. These plants served as 
parent materials. The ovule parents were emasculated using the combined technique 
of the hot-water method (Chandraratna, 1 964 ; Figure 1 )  and the dip method (ColT­

man and Herrera, 1 980). 

Figure 1 .  Set up for ho t-water emasculation method. 

After emasculation, a glassine bag was immediately placed over the panicle 

(Figure 2 ). The same procedure was applied to the ovule parent which served as 
control . 

Pollen stainability. At least 25 blooming panicles were used as male parent 
for each treatment-replication including the control. The p anicles were collected 
early in the morning, w rapped in moist cheese cloth and b rought to the Philippine 
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Figure 2. Rice panicles covered with glassine bags. 

N uclear Research Institute for irradiation at doses of 1, 3, 5, 7 and 9 Kr gamma 
rays in the Cobalt-60 facility of the Philippine Nudear Research Institute, Dill­
man, Quezon City. Unirradiate d blooming panicles served as pollen control. 

Within 12 hours after pollen irradiat ion , a ran dom sample of 100 pollen 
grains from each treatment were tested and scored un der the l ight microscope for 
pollen stainability using Alexanders' stain technique (Alexander, 1969). The rest 
of the poll en w ere used for pollinating the emasculated panicles which served as t he 
ovule parent. 

To apply the treated pollen,  the glassine bags covering the emasculated pani­
cles w ere rem oved. Then the irradiated pollen grains were dusted on the stigmas of 
the emasculated florets. The glassine bags were quickly placed back over the pol­
linated panicles. The ovul e parent plants were grown to maturity . At harvest, the 
M 1 grains were collected separately for da ta on seed set. 

M1 Planting. A sample of 100 M 1 rice seeds was selected at random from 
each treatment-replication for weight determination. A random sample of 25 M 1 
seeds from each treatment-replication w as sown on moist filter paper in petri dish 
for gathering data on seed germination and for cytological examination of r oot tips 
in the M t. The root tips were examined for occurrence of chromosom al aberrations 
at anaphase and telophase stages using Khans' staining technique for rice chromo­
somes (Khan, 1975). 

For each t reatm ent-replication, 200 M 1 seeds of the pollinated pa nicles were 
sown in seed boxes filled with sterilized garden soil in a ran domized c om plete block 
design replicated three times. Only on e seed was sown per hill .  Thirty seedlings 
taken at random from each treatment-replication were used for gathering data on 
seedling height 12 days from sowing. These M 1 seedlings were then transplanted 
.in the field in a dose to row plan ran domized with three replications at the rate of 
one seedling per hill at distances of 40 em between rows and 30 em in the row .  
These M 1 plants were grown t o  maturity for data on days to flowering, number of 
grain-bearing tillers, mature plant height, length of panicles, types an d frequency of 
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M 1 morphological characters and M2 pollen stainability. The primary tillers of the 
M l plants were bagged to insure self-pollination. Seeds from the bagged particles 
were then harvested separately for data on M2 seed set. 

M2 Planting. From a random sample of 10 lines ofM1 plants from each treat­
ment, 100 M2 seeds from each treatment-replication were sown on moist niter 
paper in petri dish for seed germination in the M2. Twenty-five germinating seeds 
were collected for cytological examination of the root tips in the M2. The rest of 
the seeds from each M 1 plant were sown in seed boxes for data on chlorophyll seed­
Ling mutations. 

The chlorophyll mutation spectrum was separated into viable and lethal 
types. 

A random sample of 25 plants from the M 1 lines and 33 seedlings from each 
treatment-replication were transplanted in the field in a dose-to-row-plan ran­
domized with three replications at the rate of one seedling per hill at distances of 
20· em between rows and J 5 em in the row. As in theM 1 planting, these M2 plants 
were grown to maturity for data on days to flowering, number of grain-bearing till­
ers, mature plant height, length of panicles and on possible mutant M2 characters. 

Results and Observations 

1. M1 Pollen stainability. Table 1, Column 2 indicates that there was a reduc­
tion in pollen stainability with increasing doses of gamma radiation. Reduction in 
pollen stainability was already significant after the 1 Kr with 73.25% which cor­
respond to 95.34% of the percentage of control (Figure 3). Highly significant dif­
ferences in pollen stainability were observed among the treatments: control and 1 

Kr, 3 and 5 Kr, 5 and 7 Kr and 7 and 9 Kr. No significant difference was noted be­
tween doses of 1 and 3 Kr gamma rays. Stainable pollen grains were whole, round 
grains which gave a deep red to dark purplish color reaction to Alexander's stain 
(Alexander, 1969) while the non-stainable pollen grains were deformed, shrivelled 
grains and gave a greenish color reaction to Alexander's stain (Figure 4). 

2. M1 Seed set. Low mean values for percent seed set was noted among the 
treatments. The mean percentage seed set decreased significantly and linearly with in­
creasing radiation dose at 1, 3 and 9 Kr gamma rays (Table 1, Column 3). Signifi­
cant reduction in percent seed set was evident after l Kr with 48.70% which cor­
respond to 90.96% of the percentage of control (Figure 3). Doses of 3 5 and 7 

Kr gamma rays with 46.55%, 45.80% and 45.39% respectively, were not signifi­
cantly different with each other. 

3. M 1 Seed weight. The effects of the different trcatmen ts on M 1 seed 
weights are presented in Table I, Column 4. Mean seed weight was noted to 
decrease signjficantly after 1 Kr gamma rays with 2.25 gms. Figure 5 shows that 
there was a slight increase in mean seed weights at 3 Kr with 90.91% and at 7 Kr 
with 76.28%. Treatments I and 3 Kr as well as between 5 and 7 Kr were not signi­
ficantly different (Table I, Column 4). 
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Figure 3. Mean percentages of pollen stainability, percent seed set and seed germination of M1 
plants after pollen irradiation. 

Figure 4. Stainable and non-stainable rice pollen grains. X 80. 



204 

100 

75 

(� 50 
Control) 

25 

0 

Transactions National Academy of Science 

1 5 7 
Radiation dose 

Figure 5. Mean weights :>f 100 M 1 rice seeds selected at random after pollen irradiation. 

9 Kr 

4. M1 Germination percentage. Highly significant differences in germination 
were observed among the treatments. Table 1 ,  Column 5 shows that mean seed ger­
mination percentages were reduced in direct proportion to pollen irradiation and 
only 60.85% of the control germinated at the highest dose, 9 Kr (Figure 3). No sig­
nificant differences were noted among 1 and 3 Kr, 3 and 5 Kr, 5 and 7 Kr and 7 
and 9 Kr. 

5. M1 Seedling heigh t. Table l, Column 6 summarizes the mean seedling 
heights 1 2  days after sowing. Highly significant differences were noted among the 
trcatmen ts: control and 5 Kr, control and 7 Kr, control and 9 Kr, 3 and 5 Kr, 7 

and 9 Kr. Significant reduction in seedling height was noted after 5 Kr gamma rays 
with 8 .71 em and 72.89% as compared with the control (Figure 6 and 7). LD50 was 
found to be approximately 8.30 Kr gamma rays (Figure 6). A stimulatory effect 
of pollen irradiation on seedling height was noted after the 3 Kr treatment. Al­
though there was a slight increase in seedling height after the 3 Kr, there was no 
significant difference between 1 and 3 Kr pollen exposures . The following treat­
ments were not significantly different with each other: control , 1 and 3 Kr, 1 and 
5 Kr, and 5 and 7 Kr . 

6. M1 Chromosomal abberation. There were only two types of aberrations 
obtained i .e. bridges and fragments (Figures 8, 9, and 10). The most frequently ob­
served aberrations were anaphase bridges. 



Table 1. Means of percentages of pollen stainability, seed set, seed weights (gm), seed germination, seedling heights (em) and chromosomal aberra-tion of M 1 rice plants after pollen irradiation 

Gamma.ray 
P�fen 

MJ MJ MJ MJ MJ dose Percent Seed Seed Seedling Chromosorru:z/ (Kr) Stainability Seed set Weight Germination Height Abe"ations {%) {%) (g) (%) (em) (%) 

0 76.8 3a1 5 3.54a1 2.53a1 86.15a l  11.9sa1 0 c1 
1 7 3.25b 4S.7ob 2.25b 75.2oba 1o.8ob 20.18b 
3 71.84b 46.55c 2.3ob 71.19bc 11.103 23.48b 
5 67.84c 45.80c 1.90c 65.89cd 8 .71 be 24.61 b 
7 65.6 l d 

45.39c 1.93c 59 .
. 
81 de 7.92c 23.99b 

9 61.42e 40.35d 1.68d 52.42e 
5.12�0.50 4o.soa 

1 Means having a common letter(s) are not significantly different at 5% level of significance (DMRT). 
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f-igure 6. Mean seedling height, mature plant height and panicle length of M 1 r ice plants after 
pol len irracliation. 

Figure 7. Seedling height of M 1 rice plants after pollen irradiation . 
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Figure 8. Telophase stage with bridge X 320. 

F igure 9. Telophase stage with fragment X 
320. 

Figure 10. Telophase stage with fragment 
X 320. 

207 

Table 1, Column 7 summarizes the mean percentages of chromosomal 
aberrations in mitotic root Ups of M 1 rice seeds. The mean percentages of chromo­
somal aberrations of 0.00%, 20.18%, 23.48%,24.61% and 40.50% increased with 
increasing levels of radiation except at 7 Kr, in which there was a slight decrease 
(Figure 11). The highest percentage of aberration was noted after the 9 Kr which 
gave 40.50%. No significant differences were noted among doses of 1 and 3 Kr, 3 

and 5 Kr, 5 and 7 Kr. 
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7. M1 Number of days to flowering. The mean nwnber of days to flowering 

ranged from 88 to 9 1  (Table 2, Column 2). There were no significant differences 

among the treatments. 

50 . 
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10 
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Redietion dose 

Figure 11. Mean percentages of chromosomal aberrations in mitotic root tips of M 1 rice seeds 
after poUen .irradiation. 

8. M 1 Number of grain-bearing tillers. The effects of the different treatments 

on M 1 number of grain-bearing tillers are presented in Table 2, Column 3. The aver­

age number of grain-bearing tillers ranges from 15.33 to 17.33. It can be seen that 

all the treatments influenced the number of grain-bearing tillers formed except the 

pollen exposure at 9 Kr which had no effect. The greatest increase in the nwnber of 

grain-bearing tillers occurred after the 3 Kr treatment (Figure 12). Also at 3 Kr a 

stimulatory effect of pollen irradiation was greatly expressed. 

9. M1 Mature plant height. Heights of mature M1 plants are shown in Table 

2, Colwmn 4. A slight insignificant increase on mature plant height was noted after 
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Figure 12. Mean number of grain- bearing tillers in M1 rice plants after pollen irradiation. 

3 Kr as compared with the control (Figure 6). No significant differences were noted 
among 1, 3, 5 and 7 Kr gamma ray doses. 

10. M1 Panicle length. Table 2, Column 5 summarizes the mean panicle 
length (em) of the primary tillers of M1 plants. A stimulatory effect of pollen irra­
diation was noted after 1 and 3 Kr with 37. 15 and 37.14 ern respectively, as corn­
pared with 36.52 em of control. A significant reduction was observed after the 7 and 

9 Kr, however, the decrease in panicle length after the 7 Kr was not significant as 
compared with the control (Figure 6). 

11. M1 Morphological characters. The types, frequencies and description of 
morphological characters arc presented in Table 3. 

The morphological characters observed were on grain sizes, i.e. short, broad 
grains (Figure 13); short, narrow, fine grains (Figure 14);long, narrow, fine grains; 
long broad, coarse grains; short, small, fine grains; bushy habit, drooping leaves; 

high tillers plants; semi-sterile and completely sterile plants; short and naHow tillers 
with short, fine leaves. 

12. M2 Pollen stainability. Table 4, Column 2 shows that mean percentages 
of pollen stainability were reduced in direct proportion to pollen irradiation. A sig­
nificant reduction in M

2 pollen stainability was noted after S Kr which gave 62.68% 
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Figure 13. Rice grains: A. Control- long grains, X 0.55 mm; B. Mutant- short, 

broad grains, X 0.846 m m .  

Figure 14. Rice grains: A .  Control- long grains, X 0.917 mm; B. Mutant- short, 
narrow, fme grains, X 0.888 mm. 

which corresponds to 81.73% of the control (Figure 15). No significant differences 
between the control, I and 3 Kr; and between doses 5, 7 and 9 Kr. 

13. M2 Percent seed set. The mean percent M 2  seed set ranged from 31.97% 
to 50.27% (Table 4, Column 3 ). There were no significant differences among the 

treatments. 

14. M2 Germination percentage. Table 4, Column 4 surnmarilcs the mean 
germination percentage 7 days after sowing. A significant reduction in M 2  germina­

tion percentage was evident after 7 Kr gamma rays with 69.83% which corresponds 
to 91.00% of the control (Figure 15). 

15. M2 Chromosomal abe"ations. The most frequently observed aberrations 

were anaphase bridges. 



Table 2. Means of days to flowering, number of grain-bearing tillers, mature plant heights (em) and panicle lengths (em) in M1 rice plants after 
pollen irradiation 

Gamma ray 
dose 
(Kr) 

0 
1 

3 
5 

7 
9 

Ml 
Days to Flowering 

89 

88 

90 
89 
89 
91 

Ml 
Number of Grain-bearing 

Tillers 

15.33b1 

15.67b 

17.33a 

16.oob 

16.oob 

15.33b 

1 Means having a common letter(s) arc not significantly different at 5% level of significance (DM RT). 

Ml 
Mature Plant 
Height (em) 

166.58a1 

164.45a 

166.76a 

160.70a 

160.27a 

147.96b 

Ml 
Panicle 

Length (em) 

3652ab1 

37. L5a 

37.14a 

36.46ac 

35.48bcd 

34.88d 
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Table 3. Types of morphological characters observed in M 1 rice plants after pollen irradiation 

Gamma ray 
dose 
(Kr) 

0 

1 

3 

5 

7 

9 

No. of 
plants 

0 

2 

1 

2 

5 

2 

Characteristics of Variants 

None 

Short, narrow tillers, short, !me leaves. 

Tall, high tillering capacity (28 tillers as compared with control 

with maximum number of 26). 

Short, narrow tillers, short, fine leaves. 

Tall, high tillering capacity (29 tillers). 

Short, narrow tillers, short, fmc leaves. 

1 TaU, bushy habit, dropping leaves, high tillering capacity (32 
tillers). 

1 Tall, high tillering capacity (27 tillers). 

1 Tall, long, narrow, fine M2 grains. 

1 TaU, long, broad, coarse M2 grains. 

2 Tall, completely sterile plants. 

4 Tall, semi-sterile, long narrow fine M2 grains. 

1 Very short, narrow tillers, short, fine leaves. 

4 TaU, high tillering capacity (28-31 tillers). 

1 Tall, semi-sterile, short, broad M2 grains. 

2 Tall, semi-sterile, short, narrow, fmc M2 grains. 

4 Short, narrow tillers, ft.ne leaves. 

1 Tall, completely sterile plant. 

1 Tall, high tillering capacity (27 tillers). 

1 Tall, sem i-sterile (prob�bly approx. 5% gran set), long, big M2 
grains. 

1 Tall, semi-sterile, long, narrow, fincM2 grains. 

1 Tall, almost completely sterile (probably only 3% grain set), 
short. small, !me M2 grains. 

1 Tall, semi-sterile, short, narrow, fine M2 grains. 

1 Tall, semi-sterile, short, broad M2 grains. 
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Table 4. Means of percentages of pollen stainability, seed set, seed germination and chromo­

somal aberration of M2 rice plants after pollen irradiation 

Gamma ray 
dose 
(Kr) 

0 
1 

3 

5 

7 

9 

M2 
Stainability 
Stainability 

(%) 

76.69a1 

75.34a 

70.66a 

62.68
b 

57.80
b 

54.87
b 

M2 
Percent 

Seed set 
(%) 

48.97 

46.09 

50.27 

43.62 

44.92 

31.97 

M2 M2 
Seed Chromosomal 

Germination Aberrations 
(%) (%) 

76.73al 
0 

bl 

76.13a 20.75a 

76.66a 21.76a 

79.66a 22.60a 

69.83
b 

20.73a 

65.oo
b 

25.37a 

1Means having a common letter(s) are not significantly different at 5% level of significance 

lDMRT). 

Like in the M 1, the mean perccn rages of chromosomal aberration in the M2 
also increased with increasing levels of radiation except at 7 Kr with 20.73% which 

represent an insignificant reduction (Table 4, Column 5; Figure 16). 
16. M2 Number of days to flowering. The mean number of days to flowering 

ranged from 96 to 102 days (Table 5, Column 2). There were no significant differ­
ences among the treatments. 

17. M2 Number of grain-bearing tillers. Table 5, Column 3 shows that there 
were no significant differences among the treatments. The mean number of grain­
bearing tillers ranged rrom 3.67 to 4.67. 

18. M2 Mature plant height. The mean heights of M 2 mature plants are 

shown in Table 5, Column 4. There were no sil:,'llificant differences among the treat­
ments. 

Table 5. Means of days to flowering, number of grain-bearing tillers, mature plant heights (em) 

in M2 
rice Plants after pollen irradiation 

Gamma ray 
Dose 
(Kr) 

0 

1 

3 

5 

7 

9 

M2 
Days to Flowering 

100 

102 

102 

101 

96 

96 

M2 
Number uf Grain-

bearing Tillers 

4.67 

3.67 

3.67 

3.67 

4.67 

4.00 

M? M2 
Mature Plant Panicle 
Height (em) Length (em) 

125.55 30.14a1 

118.42 28.6o
bc 

114.09 27.86c 

111.79 29.09
b 

117.17 27.94c 

122.04 28.54
bc 

1Means having a common letter(s) are not significantly different at 5% level of significance 

(DMRT). 
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Figure 15. Mean percentages of pollen stainability and seed gennination of M2 rice plants after 
pollen irractiation. 
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Figure 16. Mean percentages of chromosomal aberrations in mitotic root tips of M2 rice seeds 
after pollen irradiation. 
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19 . .M2 Panicle length. Highly significant differences in mean panicle lengths 
were observed among the treatments (Table 5, Column :i). A significant redudion 

in mean M1 panicle length was noted at 1 Kr with 28.60 em which corresponds to 
94.89% of the control (Figure J 7). 

20. l'vf2 Seedling mutation frequency. Tables 6 and 7 show the chlorophyll 

mutation frequencies. 
Based on the M l plants and M2 seedlings, the I Kr pollen exposure had 

lower chlorophyll mutation rates with 4.19% for the former and 0.34% for the lat­

ter, while the 7 Kr treatment had the highest with 15.11% and 1.7!.%, respectively. 
A decrease in chlorophyll mutation rate was observed after the 9 Kr. 

Based on leaf color, the chlorophyll mutation types obtained were albina, 

a lethal mutation characterized by entirely white leaves of the seedlings (Figure 

18); chlorina, characterized by persistent yellow-green leaves; usually a viable muta­
tion (Figure 19 ) ; virescent, characterized by pale green color of the leaves; a viable 

mutation (f-igure 20): and striata, characterized by having leaves with longitudinal 

stripes of white on green or yellow on green (Figures 21 and 22). 
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r:igurc 17. Mean panidc length (ern l of M2 rice plants aftt'r pollen irradiation. 

9 Kr 



Table 6. Frequency of chlorophyll mutations (M1 and M2) induced in rice plants after pollen irradiation 

Gamma ray 
dose No. Studied No. o[ M1 No. o[M2 
(Kr) Planrs Murants 

Ml M2 Segregating Seedlings 
Plants Seedlings 

0 15 11,860 0 0 
1 215 28,557 9 98 
3 189 22,461 11 192 
5 172 19,786 18 227 
7 139 16,643 21 286 
9 121 13,164 13 123 

Table 7. Frequency of ch.lorphyll mutation types in M:z rice seedlings after pollen irraaiation 

Gamma ray Total M2 Types of Seedling Mutations 
dose Seedltngs 
(Kr) Albina Chlorina Virescent 

No. % No. % No. % 

0 11,860 0 0 0 0 0 0 
1 28,557 26 0.09 26 0.09 46 0.16 
3 22,461 63 0.28 0 0 129 0.51 
5 19,786 19 0.10 0 0 184 0.93 
7 16,643 69 0.41 0 0 211 1.27 
9 13,164 11 0.08 2 0.02 108 0.82 

% Chlrophyll Mutation 

MJ M2 
Plants Plants 

0 0 
4.19 0.34 
5.82 0.85 

10.46 1.15 
15.11 1.72 
10.74 0.93 

Striata 
No. % 

0 0 
0 0 
0 0 

24 0.12 
6 0.14 
2 0.02 
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Figure 18. Alb ina seedlings. 

Figure 20. Virescent seedlings. 

f.'igure 19. Chlorina seedlings. 

Figure 21. Striata chlorophyll 

mutation. 

Albina in the M2 seedlings (Table 7) was noted to be highest after the 3 Kr 
with 0.28% and at 7 Kr with 0.4 1% and at its lowest after the 9 Kr treatment with 
0.08%. Chlorina were observed to be present only after pollen exposures of I Kr 

which gave the highest frequency of 0.09% and 9 Kr which gave the lowest fre­
quency of 0. 02%. Virescent appears to increase in frequency of 0. 16%, 0.5 7%, 
0.93% and 1.27% with increasing gamma ray doses but decreased markedly after 

the 9 Kr treatment. For striata, the 5 Kr treatment had the highest frequency of 
0. 12%, while the two higher treatments, 7 and 9 Kr had the lowest frequency of 
0. 04% and 0.02%, respectively. 
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Figure 22. Striata chloropl1yll mutation. 

Comparing the viable (ch lorina, virescent and striata) an d lethal (albina) 
t ypes in the M 2 , the viable chlorophyl l mutations were pre-dom inant (Table 8). 

2 1. M2 Morphological and other mutations. The frequencies of inuuced 
morphological and other m uta lions are shown in Table 9.  Based on either the M 1 
or M 2 plants, th e highest percentage of mutations occurred at 7 Kr which gave 
10.07% for M 1 plants and 12.57% for M 2 plants. Percent morphologicaJ and o ther 
mutations w ere noted to decrease afer 9 Kr in both M 1 and M 2 plants with 9.09% 

and 10. 12% respectively. 
The description of the morphological and oth er mutants are presen ted in 

Table 10. The desirable mutations like m edium height, early Dow erin g appeared 
after the 7 Kr an d 9 Kr tream1ents. 

Discussion of Results 

The results of this study indicate the possible occurrence of differences in  the 
zygotic letha lity (or viability) of th e treated and untreated pollen gra in . The ab ility 
of the treated grains to fertil ize the female paren t was ob served to b e  lower in com­
parison to that of the untreated poll en considering the p ercentage seed set obtained 
in th e M  1. 

The failure and/or reduced seed set obtain ed in this study co ul d b e  attributeu 
to the failure of the zygote to develop which is due to the presence of dominant 
lethals in the gam etes contrib v.ted by the treated pollen grains. This lethality pre­
vents embryo development b ut does not aJter the capacity of the pollen grain to 
participate in fertilization normally even in competition with untreated poll en . 
Evid�nces in supp ort of this assumption comes from previous studies of several 
workers. Brown and Cave ( 1953; 1954) working with Lilium pollen reported that 
x-irradiation of such pollen with 2,000 to 4,000 r units of x-rays did not appear 



Table 8. Mutation spectrum in M2 rice seedlings after pollen irradiation 

Gamma ray Viable 
dose Total mutant 
(Kr) Seedlings No. % No. 

0 0 0 0 0 
1 98 72 73.47 26 
3 192 129 67.19 63 
5 227 201 88.55 19 
7 286 217 75.87 69 
9 123 112 91.06 11 

Table 9. Frequency of morphological and other mutations (M1 and M2) induced in rice plants after pollen irradiation 

Lethal 

Gamma ray 
dose 
(Kr) 

No. Studied No. ofMJ 
Plant 

Segregating 

No.M2 
Mutant 
Planes 

Percent Mutation 

0 
1 

3 
5 

7 
9 

M1 Plants M2 Mature 
Plants 

75 572 
215 496 
189 777 
172 619 
139 557 
121 563 

0 0 
3 38 
7 57 
6 75 

14 70 
11 57 

Ml 
Plants 

0 
1.40 
3.70 
3.49 

10.07 
9.09 

% 

0 
7.93 

17.40 

3.58 
12.32 

4.14 

M2 
Plants 

0 
7.66 
7.34 

12.12 
12.57 
10.12 
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Table 10. Types of morphological mutations observed in M2 rice plants after pollen irradiation 

Gamma ray 

dose 
(Kr) 

0 

3 

5 

7 

9 

No. of 
Plants 

0 

38 

57 

68 

Characteristics oi Murantl' 

None 

Short, narrow tiller·, short, nne leaves 

Short, narrow tillers, short, fine leaves (Fig. 23) 

Short. narrow tillers, short, fine leaves. 

3 Short, broad leaves 

3 Very short, very late t1owcring (about 30 days late compared 

with control), narrow few tillers (2-3 tillers), sh ort , fine 
leaves 

1 Short, very late flowering ( 1 31 days from sowing to h<.>ading, 

6 

5 

about 42 days late compared with control). narrow tillers, 

short, fine leaves 

Medium height, early flowering (80-85 days from sowing to 

heading, about 5-10 days ahead of control) 
TalJ, early t1owering (80-85 days from sowing to heading, 

about 5-10 days ahead of control) 

Short. very late flowering (t18 days from sowing to heading, 

about 29 days late compared with control), narrow tillers, 

short. fine leaves 

2 Medium height, wiU1 v:ukgated leaf (yellowish green margin, 

white midvein) (Fig. 24) 

53 Short, narrow tillers, short, fine leaves 

2 Short, narrow tillers, short, fine leaves, sm I 11, narrow fine M3 
grains 

1 Tall, !Ugh tillering capacity (20 tillers) 

1 Short, with variegated leaf (yellow margins. white rnidvcin and 

some lateral veins (Fig. 25 ) 

4 Tall, with variegated leaf (Fig. 26) 
2 Tall, almost completely sterile, short, narrow, fine M3 grains 

4 Tall, semi-sterile (about 50% seed set) 

4 Medium height, semi-sterile 

31 Short, narrow tillers, short, flne leaves 

4 Very short, narrow tillers, short, smalJ M3 grains (Fig. 27) 

8 Early flowering (80-85 days from sowing to heading, about 

5-10 days ahead of control), medium heighL 
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Figure 24. Medium height M2 plant 

with variegated leaf. 

,.. I 

,/ 

Figure 25. Short M2 plant with variegated 
leaf. 

Figure 23. Short M2 plant, narrow tillers, 

fine leaves. 

Figure 26. Tall M2 plant with variegated 

leaf. 
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Figure 27. Rice grains: A. Control - long grains, X 0.687 mm; B. Mutant -short, small grains, 

X 0.666 mm .  

to alter fertilization ability. However, the sharp decrease in the number of seeds 

produced suggested that after fertilization by irradiated pollen, the zygotes aborted, 

preswnably because of the production of dominant lethals by the irradiation, 

rather than failure of the irradiated pollen grains to achieve fertilization. Donini 
and Hussain (1968) found no differences in the percentage of fertilization after 

irradiation of either the male or the female gamete of Triticum durum. In both 

cases there was a similar failure of zygote formation and proembryo growth. 
The possibility that mechanical difficulties in mitoses are the most effective 

causes of the abnormalities indicating dominant lethality in Lilium is probably also 

operative in nee after pollen irradiation as is indicated by the presence of bridges, 

and fragmented chromosomes which could present problems of chromosome 
movement. 

The fact that there is gradual reduction in percent seed set as radiation dosage 
is increased probably indicates that there is complete abortion at some stage in the 

development of most ovules. 
The stimulatory influence of the irradiated pollen as evidenced from the re­

sults obtained on M 1 seedling height, number of grain-bearing tillers, mature plant 
heights, panicle lengths and to a lesser degree, on seed weights, collaborate with the 
findings of Rudolph (1965; 1969) who reported that in Picea glauca {white spruce) 
the stinwlatory effect of pollen irradiation on seed germination, seed yield, seed 
set and viability was more evident at lower pollen exposure'>. likewise, Clausen 

(1973a) reported a possible stimulatory effect of pollen irradiation on the rate and 
percentage of germination in Betulla nigra at low levels of radiation, a dose of 500 r 

to be effective but differences were not statistically significant. Rudolph (1965) 
explained these observations to be at least partially due to reduction in zygotic 
and embryo competition resulting from radiation-induced lethals in a portiort of the 
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pollen population exposed to low dosages.  He also attributed increase in seed 
weight to an increase in embryo size. 

Low doses of radiation may disturb the activity of certain e nzymes involved 
in the synthesis of growth hormones, p robably gibberellins. Generally , gibberellic 
acid 3 (GA3) was reported to promote cell elongation by increasing the p lasticity 
of the cell walls and by promoting the growth of the radical in the germination of 
seeds (Edm ond, et al. , 1978). 

Casarett, 1972 mentioned that radiation may, under certain conditions, re­
sult irt an increase in physiologically active substances, possibly by destruction of 
inhibitory substances. The controversial grow th stimulation effect might be attri­
buted to such a cha nge. 

Inability of the seed to germinate may be due to permanent inhibition on 
mitosis or due to death of cells. Impairment of seedling development may be attri­
b uted partly t o  the production of dominant mutations. Reduction in seed ling 
height and plant height may be due to the tempora ry suspension of cell division 
or death of some ce lls. It is possible tha t  one of the chief causes of cell death in 
tissues at high doses are chromosome aberrations. A nother possible primary cause 
of cell death could be t he effe ct of ionizing radiation in rendering DNA molecules 
incapable of serving as a template for the production of normal messenger RNA .  
The end result is that some enzymes a n d  other proteins cannot be formed and the 
cell can no longer maintain its normal capacity for sustained cell division. It under· 
goes a "reproductive death". 

The highest po llen exposures resulted in the least growth of seedlings. Casa­
re tt (1972) mentioned of a reversal of the seedling height curve at high exposures; 
that is, for low doses there is a p rog�essive decrease in seedling heights with in­
creasing exposures. With high doses, however, there is a slight reversal or appare nt 
increase in leaf length relative to that at a slight ly lower exposure. This reversal 
has been explained as the result of interaction be tween ch romosome damage and 
m itotic inhibition. Extensive chromosome damage in irradiated dividing cells will 
result in a high degree of letha lity of daughter cells. At higher doses, the chromo­
some damage is greater, but mitosis has been so completely inhibited that cells d o  
not die i n  a mitotic-linked death. They survive and are apparently still capable o f  
elongation to produce leaves. The radiation exposure at which the reversal occur 
diffe rs with species. 

Generally, more aberrations are produced at high doses than at low doses. 
At high doses many chromosomes are broken and many of the broken e nds may re­

join or unite in a process called restitution. In such cases, no lesion will be visib le 
in the chromosomes, and most likely, complete recovery will be achieved. If the 
b reak does not heal, the end portion will remain as a chromosome fragment. 

A low fre quency of anaphase bridges a nd fragments were found in mitotic 
cells of M 2 plants. It has bee n  found that the frequency of bridges is directly pro­
portional to the dose of radiation as in x-rays (Caldecott, et al, 1954). The occur­
rence of few bridges probably indicate fusion of broken ends of the majority of 
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we igh t, se ed germination, see dling height, chromosoma l aberration ,  number of 
grain-bearing till ers, mature plant height and panic le length in M 1 ;  and poll en stain­
ability , seed germination, chromosomal  aberration and panic le length in M 2 . 

M 1 generation 

In M 1 there was a significant reduct ion in pollen stainability wit h  increasing 
doses of gamma radiation at 1 ,  5, 7 and 9 Kr gamma rays. 

The m ean perc entage seed set decreased significantly and lin ear ly with in­
creasin g  radiation dose at 1, 3 and 9 K r  gamma rays. 

There  was a slight increase in mean se ed weights at 3 Kr with 2 .30 gm and at  
7 Kr with 1 .93 gm.  The following gamma ray doses w er e  not significantly differen t :  
1 and 3 K r  as w e l l as b e tween 5 and 7 K r  gamma rays. 

In germination t he following gamma ray doses were significan t ly differen t :  
between con trol and 1 , 3 ,  5. 7 and 9 Kr. 

On seedling height high ly significant differences were noted among 1l1 e  treat­
m en ts: control and 5 Kr, control and 7 Kr, control an d 9 Kr,  3 and 5 K r , 7 and 9 
Kr .  

Tw o types of chromosomal aberrations were  obtain ed: bridges and fragm ents. 
A stimulatory e ffect of poll en irradiation on the n umber of grain -bea ring 

tillers was greatly expressed after the ·3 Kr treatm ent. 
The following gamma ray doses for mature plant height were not significan t­

ly diffe rent :  c on t rol, 1 ,  3, 5 and 7 Kr.  
The following gamma ray doses for panic le length were not significant ly dif­

fe rent: control, 1, 3 and 5 Kr, b etw een control an d 7 Kr,  betw ee n  5 and 7 K r  and 
be tw een 7 and 9 K r .  

M 2 generation 

In M2 the following gamma ray doses were significan t ly diffe rent in pollen 
stainability: b e tw een control and 5, 7 and 9 Kr ,  betwee n 1 and 5, 7 and 9 Kr and 
betw e en 3 and 5, 7 ,  9 Kr. 

The following gamma ray doses for seed germination were not significant ly 
differen t :  control, 1 ,  3 and 5 K r  and betw e e n  7 and 9 K r  treatments. 

The following gamma ray doses did not differ significan t ly in producing chr o­
mosomal abe rrations:  J ,  3 ,  5 , 7 and 9 Kr .  

The following gamma ray doses did not differ significantly with each other in 
pan ic le  length: betw e en 1 , 5 and 9 K r  and between 3 ,  7 and 9 Kr. 

Four types of chlorophy ll deficient see dlings were obtain ed: albina, chlorina, 

virescent and striata. 

A gradual increase in chlorophyl l  m utation fr equency was not ed with increas­
in gamma ray doses up to 7 Kr but a decrease in chlorophy ll mutation rat e was ob­
served at 9 Kr. 

Based on the results of this study, the following con clusions can be made : 
( I ) Gamma irradiation of pollen gra ins is e ffective in in ducing gen etic variability 
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in rice ; (2) Frequency of chromosomal aberrations and chlorophyll mutation rates 
appear to be associated with induced morphological and other mutations; (3) LD5 0  
need not be attained to get the m aximum number of muta tions; and (4)  The ideal 
dose which gives high mutation rates in rice appears to be at 7 Kr pollen exposure. 
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